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Radial Turbine with Floating Nozzle for Wave Energy Conversion

Toshio KONNO™, Yoshihiro NAGATA,
Manabu TAKAQO and Toshiaki SETOGUCHI

** Toyo Technology Inc.
1-2-31 Nakahara, Isogo-ku, Yokohama-shi, Kanagawa, 235-0036 Japan

The objective of this study is to propose a new radial flow turbine for wave energy conversion
and to clarify its performance by model testing under steady flow condition. The proposed radial
turbine has a rotor blade row for uni-directional airflow and two guide vane rows. The guide vane
rows are named ‘floating nozzle’ in the study. The guide vane rows slide in an axial direction and
work as nozzle in the turbine alternately for bi-directional airflow, so as to rectify bi-directional
airflow and to make uni-directional airflow. The radial flow turbine with a diameter of 500mm has
been manufactured and investigated experimentally under steady flow condition generated by a wind
tunnel using a piston/cylinder system with a diameter of 1.4m. The turbine characteristics under
sinusoidal flow conditions have been estimated by use of quasi-steady analysis. As a result, it has
been found in the study that the peak efficiency of the proposed radial turbine is approximately 58%

under steady flow conditions. Further, the effect of rotor blade profile and nozzle setting angle on
the turbine performance was investigated and clarified in the study.
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Fig. 1 Radial turbine with floating nozzle device
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Fig.2  Outline of radial turbine with floating nozzle device
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Fig.4 Tested rotor blade

Table 1  Specifications of rotor blade
Blade Chord length Setting angle o°
S 55 30
N 60 56.5
K 80 58.5
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Fig.5 Configuration of turbine
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Fig. 6 Effect of nozzle setting angle on turbine

characteristics under steady flow conditions (Blade S)
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characteristics under steady flow conditions (Blade N)

Effect of nozzle setting angle on turbine
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Fig. 8 Effect of nozzle setting angle on turbine

characteristics under steady flow conditions (Blade K)
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under steady conditions
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Fig. 10 Effect of nozzle setting angle on mean efficiency

under sinusoidal flow conditions

e T FVETH ik nEonsZ—t
VOEENT Lo CEHME LT,

dw
189 L7 -1 ®)
dl L o

ZIT, [ a—ZOENE—A N, T ALY
Tho. AT CIL, EBAMKET=0)E L, M 9a)

2500
A=1079

2000

1500

Ay T e T
i ]

111° ] 113°  115°

2]

1000

0 1 2 3 4 5 6
¢

(a)Blade S

3500

FJ=]0\7° 10?o

3000

2500

2000

1500

1000

1 2 3 4 5 6
¢

(b) Blade N

3000

0=107° 109°
2500 \ (PN W Y Y. W Y @%
L IANATATATAY!

2000 )

"=21500

B e | 13 115

1000

]

500 ¥

A
0

1 2 3 4 5 6
¢

(c)Blade K

Fig. 11
characteristics under sinusoidal flow conditions
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